3C 84 (NGC 1275) is a well-studied mis-aligned Active Galactic Nucleus (AGN), which has been active in γ rays since at least 2008. We have monitored the source at four wavelengths (14 mm, 7 mm, 3 mm and 2 mm) using the Korean VLBI network (KVN) since 2013 as part of the interferometric monitoring of γ-ray bright AGN (iMOGABA) program. 3C 84 exhibits bright radio emission both near the central supermassive black hole (SMBH) feature known as C1 and from a moving feature located to the south known as C3. Other facilities have also detected these short-term variations above a slowly rising trend at shorter wavelengths, such as in γ-ray and 1 mm total intensity light-curves. We find that the variations in the γ rays and 1 mm total intensity lightcurves are correlated, with the γ rays leading and lagging the radio emission. Analysis of the 2 mm KVN data shows that both the γ rays and 1 mm total intensity shortterm variations are better correlated with the SMBH region than C3, likely placing the short-term variations in C1. We interpret the emission as being due to the random alignment of spatially separated emission regions. We place the slowly rising trend in C3, consistent with previous results. Additionally, we report that since mid-2015, a large mm-wave radio flare has been occurring in C3, with a large γ-ray flare coincident with the onset of this flare at all radio wavelengths.
Introduction
The nearby (z=0.017559, Strauss et al. 1992 ) mis-aligned Active Galactic Nucleus (AGN) 3C 84 (the compact radio counterpart of the Seyfert galaxy NGC 1275) is a wellstudied source that has been known to be recurrently active for many decades (e.g. Burbidge & Burbidge 1965) . It is an excellent source to investigate γ-ray physics, as it is E-mail: jhodgson@kasi.re.kr †NPP fellow nearby and because it is mis-aligned; hence it is one of the few γ-ray sources where it is thought that we are able to directly observe the jet base. While the source was relatively inactive throughout the 1990s, the most recent increase in cm-radio activity began in 2005 and appeared to have been associated with the ejection of a new component in 2003 from near the base of the jet (Abdo et al. 2009; Nagai et al. 2010; Suzuki et al. 2012 ). This new component, commonly known as C3 (with the jet base being known as C1, see Fig.  1 for an example of the current morphology), was emitted Figure 1 . The most recent KVN map (iMOGABA 39) of 3C 84 at 2 mm. C1 is thought to host the SMBH and jet launching region. C3 is a slowly moving region, having been emitted from C1 in ∼2003. Contours begin logarithmically at 1% and extend to 64% of the peak flux density in the image.
to the south-south-east of the jet base and is slowly moving and accelerating but also observed to be the source of the slowly increasing radio flux densities. Dutson et al. (2014) suggested that C3 could in fact be the base of the jet with C1 having been ejected from it; however Nagai et al. (2016) presented a high-resolution 7 mm Very Long Baseline Array (VLBA) map of the source showing that the source has a morphology inconsistent with this interpretation and hence interpret C3 as being the head of a radio lobe. No correlation, however, was found with the short time scale variability of the γ rays (Nagai et al. 2012) . The nature of the C3 component has been broadly interpreted as likely being a radio lobe caused by the restarting of the jet interacting with the external medium and likely the source of the slowly increasing γ-ray emission (Nagai et al. 2016 ).
The radio structure extends further to the south, with space VLBI images showing a lobe and hot spot extending as far as approximately 20 mas south of the central engine, which is thought to have originated during the activity in the 1950s (Asada et al. 2006 ). This radio lobe has most recently been studied by Fujita et al. (2016) , who showed that Bondi accretion cannot account for the observed jet power. Most recently, the source has been detected in late December 2016 and early January 2017 in very-high-energy γ rays (Mirzoyan 2016; Mukherjee & VERITAS Collaboration 2016; Mirzoyan 2017; Mukherjee & VERITAS Collaboration 2017; Lucarelli et al. 2017) .
In this paper, we present high-cadence observations of 3C 84 using the Korean VLBI Network (KVN), which has the unique ability to observe at four wavelengths (14 mm, 7 mm, 3 mm and 2 mm) simultaneously. We combined this data with γ-ray observations from the Fermi/LAT space telescope and with Sub-millimetre Array (SMA) 1 mm total intensity observations. We find that some γ rays likely originate in the C3 region while short-time scale variability is better correlated with C1 mm-wave radio emission, suggesting multiple simultaneous sites of γ-ray emission within the same source.
In Section 2, we present an overview of our observations. In Section 3, we present our results and analysis. In Section 4, we discuss our results, and in Section 5 we present our conclusions and our future outlook. Preliminary results have been previously reported by Hodgson et al. (2016) . In this paper we assume a standard flat ΛCDM cosmology with H 0 =69.6 and Ω m =0.286 (Bennett et al. 2014 ). This corresponds to a linear scale of 1 mas = 0.359 pc at a luminosity distance of D L =74.047 Mpc.
2 Observations and data reduction
Gamma-ray observations
Observations at GeV energies were done in a survey mode by the Fermi-LAT (Large Area Telescope) (Atwood et al. 2009 ). To investigate the flux and spectral variations, we used the Fermi-LAT data taken from August 2008 until Figure 2 . Gamma-ray photon flux evolution (top) and spectral index (bottom). 15-day averaged photon fluxes are plotted in red and adaptively binned photon fluxes are over-plotted in purple. The average γ-ray flux has been rising since the beginning of the observations, with increased activity since ∼2013. October 2016. We analysed source event class photons using the standard ScienceTools (software version v10.r0.p5) and instrument response functions P8R2 SOURCE V6. We chose a region of interest (ROI) of 20 • radius centred at the position of the source. The selected ROI was analysed using a maximum-likelihood algorithm (Mattox et al. 1996). In the unbinned likelihood analysis †, we included all the sources sources from the 3FGL catalog (Acero et al. 2015) within 20 • and the recommended Galactic diffuse background (gll iem v06. f its) and the isotropic background (iso P8R2 SOU RCE V6 v06.t xt) emission components (Acero et al. 2016) .
Model parameters for the sources within 5 • of the center of the ROI were set free. For the rest, we fixed the model parameters to their catalog values unless the sources were reported as being significantly variable (variability index ≥72.44) in the 3FGL catalog. Model parameters for the variable sources were also left free.
To investigate the photon flux and index variations in the source, we generated the constant uncertainty (15%) light curve above 100 MeV through the adaptive binning method following (Lott et al. 2012) . A simple power-law model (N 0 E −Γ , N 0 : prefactor, and Γ: power-law index) was used to estimate the model parameters. Additionally, 2-day averaged, 15-day averaged and monthly averaged light curves were produced. The adaptively binned γ-ray photon fluxes are displayed in purple and the 15-day averaged photon fluxes are shown in red in the top panel of Fig. 2 , with the spectral index displayed in the bottom panel. The spectral index is plotted against photon flux in Fig. 3 .
1 mm total intensity observations
Total intensity radio observations at 1.3 mm (225 GHz) were obtained as part of the ongoing monitoring program of potential mm-wave calibrator sources at the sub-millimeter array (SMA) in Hawaii, United States (see Gurwell et al. 2007 , for more details). Scans of 3 -5 mins were performed with the flux density calibrated against known sources such as solar system objects. Observations were performed since October 2002 approximately weekly to monthly and are presented in Fig. 4 .
KVN observations
3C 84 was observed as part of the interferometric monitoring of Gamma-ray bright AGN (iMOGABA) program that is a Key Science Program on the KVN (Algaba et al. 2015; Lee et al. 2016) . Observations are performed approximately monthly (with reduced observations over the summer months), beginning in January 2013 and are ongoing. A summary of observations is given in Table  1 . The observations were performed at four wavelengths simultaneously: 14 mm (22 GHz), 7 mm (43 GHz), 3 mm (86 GHz) and 2 mm (129 GHz) (see Lee et al. 2014 , for more details). Data were observed in single polarisation (left hand circular polarisation) at a recording rate of 1 Gbps. Data were automatically reduced using the KVN Pipeline (Hodgson et al. 2017) , which also implements the frequency phase transfer in order to improve detection rates at shorter wavelengths. See Rioja & Dodson (2011); Rioja et al. (2014) and Algaba et al. (2015) for further details.
In order to analyse the data, maps were produced using the CLEAN algorithm within the Difmap package (Shepherd et al. 1994; Högbom 1974) . Circular Gaussians were fitted directly to the visibilities in order to parametrise the flux density, size and relative position angle (PA) and relative separation from a reference point. In this case, the brightest, most northern component, labelled C1, was taken as the reference point. Errors were taken as 10% for the flux density and relative separation. A conservative error Figure 6 . Multi-wavelength light curves of 3C 84. From top to bottom: total recovered flux density, decomposed light-curve for C1, decomposed light curve for C3, 1 mm total intensity and monthly averaged γ-ray light curve. The peaks of the four most significant γ-ray flares are shown as green vertical lines. The three significant radio flares as determined from the 1 mm total intensity light-curves (R1 -R3) are shown in red.
of 30% was taken for the 2 mm data points because of a lack of methods to conclusively determine the calibration accuracy at this observing wavelength (Lee et al. 2014) . A more detailed discussion of the errors used is presented by Hodgson et al. (2017) .
When comparing flux densities measured at different wavelengths, the resolution of the interferometer must be considered. At shorter wavelengths, finer structure can be resolved, hence probing different physical regions. In order to account for this effect, model-fit components at all wavelengths were therefore fixed at approximately one fifth of the beam at 14 mm or 0.8 mas. Hence, although finer structure could be detected at shorter wavelengths, only a simple 2-model component was fit in order to produce a like-for-like comparison. In general, if the sizes were not fixed, the best-fit sizes of the model-fit components were often close to 0.8 mas at all bands except 2 mm. However, the fitted sizes at 2 mm were considerably smaller than 0.8 mas. Fixing the size therefore increases the flux density measured for a component at 2 mm. The combined flux density of these two components was typically within 10% of the total CLEAN flux density at all frequencies, indicating that most flux in the source was recovered. The 2 is significantly different from that observed as part of the iMOGABA program. Additionally, more rapid variations are observed to be occurring with timescales on the order of weeks to months superimposed on this increasing trend. There was, however, no detection of γ rays in 3C 84 during the EGRET (1991 EGRET ( -2000 era, suggesting that any significant γ-ray activity has been more recent (Abdo et al. 2009; Suzuki et al. 2012) . There also appears to be variability in the spectral index, particularly in the 2009 -2011 period. Spectral variability in later years is not as pronounced.
We then determined the most prominent flares. For this, we first de-trended the light-curve by performing a linear least square fit to the light-curve and subtracting that. We then found the significance by simulating the light-curves 5000 times (see Section 3.3.1 for more details). While there is considerably variability in the γ-ray lightcurves, we identified the four most significant γ-ray flares, labelled G1 -G4, which are shown in Table 2 . In Fig 3, we can see no obvious correlation between spectral index and photon fluxes in the 15-day averaged data, but potentially a softer-when-brighter trend in the adaptively binned data. To investigate this, we computed the Spearman correlation coefficient for both data sets and found no significant correlation between photon flux and spectral index in the 15-day binned data (correlation coefficient= 0.06, p = 0.47) and a weak but significant correlation in the 2-day binned data (correlation coefficient= 0.12, p = 0.016), although the trend is not significant in the adaptively binned data (correlation coefficient= 0.05, p = 0.47), suggesting that the softer-when-brighter trend is an effect seen in the very rapid variability data. This also suggests that important physical information may be lost when averaging the data over longer timescales. Related to this, flare durations in 3C 84 are quite short, with even the longest flares being less than ∼2 months in duration; hence the times of the flare peaks in Table 2 are reasonable approximations of the times of the flare onset. Flare durations were determined by finding by eye the local minima around the flare peak.
1 mm total intensity light-curves
Monitoring at 1 mm has been performed since 2002, and in Fig. 4 , we see a similar trend as for γ rays: rising flux densities with shorter scale fluctuations superimposed. There is a dip in the observed flux density in early 2016, that is perhaps similar to a dip in the γ rays in early 2015, although there is no obvious correlation with equivalent flux density increases. Similar to the γ-ray light-curves, the time-range covered in Fig. 4 is significantly different from that covered by the iMOGABA program. Also using a similar method as with the γ-ray light-curves, the 1 mm light curve was detrended for and simulated 5000 times for determining flare significance. The light curve is displayed for convenience also in Fig. 6 . There are two significant flares (labelled R1 and R2, see Table 3 ), in early 2013 and mid 2014. These flares are relatively insignificant compared to a large flare seen in the 1 mm light-curve beginning in late 2015 and peaking at 2016.65, with the peak labelled R3. The onset of this large flare is coincident with γ-ray flare G4.The durations of the flares were estimated by measuring the time between local minima on each side of the flare peak, although this is necessarily only a rough guide to the flare duration. In the case of flare R3, the flare is observed to be still ongoing. Nevertheless flares R1 and R2 are observed to be much shorter in duration than the ongoing flare R3.
iMOGABA data
The data observed with the KVN mostly had four wavelength bands simultaneously observed, with only 4 epochs missing at 2 mm. Unfortunately, due to summer weather and antenna maintenance constraints in Korea, there is a lack of observations during the northern summer period. These data were decomposed into two components: C1 and C3, with their decomposed light-curves shown in Fig. 5 . The total (C1+C3) light curve is presented along with the monthly averaged γ-ray light-curves for convenience in Fig. 6 . In both C1 and C3, the flux density evolution is very different at 2 mm as compared with the lower frequencies. As seen in the 1 mm total intensity light curve, there is a large flare detected at all frequency bands beginning in late 2015, which we associate with flare R3. Despite the conservative use of errors for the 2 mm KVN observations, some calibration errors appear to be obvious. For example, a large increase in flux density is observed in C1, C3 and combined flux densities in mid-2013 and also in late 2016, where a similar decrease in flux densities is observed. Since these changes occur in both components, they are likely due to calibration inaccuracies rather than being physical. We have included all available data in Fig. 5 ; however obviously bad data were removed from Fig. 6 and from subsequent analysis.
Component C1
Component C1 is observed to be considerably more variable, particularly at shorter wavelengths. The lack of observations over the northern summer period means that it is difficult to conclusively identify correlations between the light-curves, but the flux density peaks at 2 mm and 3 mm at approximately 2014.3, approximately 4 months after flare G1. There is also a large increase in the C1 flux density that peaks in approximately 2015.2, which is approximately 2 months after flare G3, four months after flare G2 and 14 months after flare G1. A large drop in flux density is seen in C1 early-to-mid 2016 at 2 mm, which could be a calibration error; however as the drop is not seen also in C3, we consider it likely to be physical.
The flux density as a function of frequency is shown in Fig. 7 . We find that the spectrum of C1 is highly variable, particularly at 86-129 GHz. The variability is significant and greater than our conservative 30% error bars. It is mostly consistent with an optically thick spectrum, but is sometimes optically thin at 2 mm. This occurs during mm-wave flares, as can be seen in Fig. 6. 
Component C3
Before the flare R3, component C3 was also variable, but less so than C1. The flux density at 22 GHz rises until late 2014, before decaying. This behaviour is similar at 7 mm, but the 3 mm and 2 mm light-curves are observed to have a different shape. There is evidence that the flux density is rising again in 2016 at all wavelengths. There does not appear to be any obvious correlation between the γ rays and the variability in C3 before flare R3; however the γ-ray flare G4 is coincident with the onset of the large flare.
The spectrum of C3 has a broadly consistent spectral shape and is consistent with optically thin emission as previously reported by Nagai et al. (2016) . In the most recent data, during the flare R3, the spectrum of C3 has flattened, with the 7 mm, 3 mm and 2 mm data becoming brighter relative to the 14 mm data.
We find that component C3 is slowly moving, with fitted velocities of µ 14mm = 0.18 ± 0.02, µ 7mm = 0.17 ± 0.02, µ 3mm = 0.26 ± 0.04, µ 2mm = 0.10 ± 0.08 mas year −1 . This corresponds to β app,14mm = 0.21 ± 0.02, β app,7mm = 0.20 ± 0.02, β app,3mm = 0.30 ± 0.03, β app,2mm = 0.12 ± 0.17 c. Figure 8 . DCF of γ rays and 1 mm total intensity light-curves. DCF of the adaptively binned γ-ray light-curve with 1 mm total intensity light-curve is shown in red, 15-day binned γ-ray lightcurve is in blue, and the 99.97% significance interval is shown in gold. Two significant peaks are seen, at −370 ± 120 days and 290 ± 155 days. Figure 9 . DCF of de-trended γ rays and 1 mm total intensity light-curves. DCF of the adaptively binned γ-ray light-curve with the 1 mm total intensity light-curve is shown in red; 15-day binned γ-ray light-curve is in blue.
Correlation analysis
In this section we analyse the correlations between the lightcurves. Analysing light-curves such as these which have multiple varying components can be very difficult without having enough data to fully disentangle the components. For this reason, we have used multiple methods. In Section 3.3.1, we use the standard discrete correlation function (DCF). We produce flux-flux plots in Section 3.3.2. in Section 3.3.2.1, we analyse using the Pearson correlation coefficient.
1 mm total intensity-γ-ray correlations
We used the DCF (Edelson & Krolik 1988) method to test the apparent correlation between γ-ray and 1 mm radio data. The 1 mm versus adaptively binned and 15-day averaged γ-ray DCF analysis curves are shown in Fig. 8 . The presence of peaks at −370 ± 120 days and 290 ± 155 days indicate multiple time lags. Significance of the time lags was determined by simulating the light-curves 5000 times using DELCgen code (described by Connolly (2015) , where the code is based on Emmanoulopoulos et al. (2013) ). This code also takes into account the probability density function (PDF) of the given light curve. The decision to simulate the light-curves 5000 times was suggested by Max-Moerbeck et al. (2014) , as lower numbers of simulations can lead to incorrect determination of significance. The first step is to determine the power spectrum density (PSD) of the data (Vaughan 2005) . The discrete Fourier transform (DFT) of the observed γ-ray data was fit using a power-law model: P(f) = N f −a , where a is the slope and N is the normalisation constant, using a least-squares fit method in log-scale. We refer to Chidiac et al. (2016) for further details of the PSD analysis. For the evenly sampled monthly averaged γ-ray data, the PSD can be well fitted with a slope of −(1.05±0.18). However, this method is only suitable for evenly sampled data, and the adaptive binned data are not. In this case, we first interpolated the data using a cubic spline interpolation ‡ and then applied the PSD method described above to the interpolated data. Simulations were used in this case to test the PSD results (see : Chidiac et al. 2016 , for details). The best fit for the adaptively binned light-curves was −(1.31±0.21). Finally, for the significance calculations, we simulated light curves for PSD slopes varying between −1.0 and −1.3.
Additionally, the effects of red noise leakage and aliasing must be checked. Although the effects of red noise leakage and aliasing on determining the PSD are well understood, they are difficult to account for (e.g. Uttley et al. 2002; MaxMoerbeck et al. 2014 ); thus we varied the slope of the PSD by ±0.3 (the typical error of the PSD on Fermi light-curves (Abdo et al. 2010b) ). The PSD slopes used to simulate data in this case were varied between −0.7 and −1.6. We found that the two DCF peaks are still well above the 99.97% confidence level.
Finally, we computed the DCF for each pair of simulated light-curves and then found the percentile for each time lag. Confidence levels are computed independently using both 15-day binned and adaptively binned γ-ray data. The gold lines in Fig. 8 show a combined 99.97% confidence level. Since the two peaks are well above the 99.97% confidence level, our analysis supports a significant correlation between the γ-ray photon flux and 1 mm radio flux density variations.
The lags and errors corresponding to the two DCF peaks were computed by attempting different bin sizes (between 90 and 250 days, in 10-day steps) and determining the mean and standard deviation from this. Using the two DCF curves obtained using the 15-day binned and adaptively binned data, we found that the time lags cor- Figure 10 . Interpolated flux-flux plots between 2 mm KVN lightcurves and γ-ray light-curves responding to the two peaks are −(370±120) and 290±155 days. The positive time lag suggests that γ rays lead radio by ∼300 days, while the negative time lags indicates radio flux density variations lead those at γ rays by ∼400 days.
We see in Fig. 8 that the γ-ray and 1 mm total intensity light-curves are highly significantly correlated. This significant correlation however could be dominated by the slow rising trend. To test the robustness of the DCF result, we removed the long-term rising trend from the two data sets by subtracting a linear function. The de-trended data were then used to compute a DCF; the DCF curve for the detrended data is shown in Fig. 9 . In general, the DCF results for the de-trended light-curves in Fig. 9 are consistent with Fig. 8 . This suggests that the two DCF peaks are governed by the short-term or radio flux variations. The presence of positive and negative time lags suggests that there are most likely more than one emission region responsible for the observed variations. In the following sections, we investigate this possibilty in detail.
2 mm KVN light-curve correlations
We then investigated if the γ rays are better correlated with C1 or C3. Unfortunately due to the limited nature of the KVN data, we were unable to reliably perform the DCF on KVN data. However, due to the significant correlation between the 1 mm total intensity and γ-ray light-curves, it would be expected that the 2 mm KVN light-curves would be best correlated with the 1 mm total intensity light curves. Hence, we re-gridded and interpolated the 2 mm light-curves to monthly bins in order to best match the monthly γ-ray light-curves. We then plotted flux-flux diagrams and computed the Pearson correlation coefficient for both the C1 and C3 2 mm light-curves against the γ-ray and 1 mm total intensity light-curves. We performed this analysis on the non de-trended data, as we have not de-trended the C1 or C3 light-curves.
Pearson analysis of all data
We find that there are no significant correlations between either C1 or C3 and the γ-ray light-curves when looking at all the data (Fig. 10 , Table 4 ). However, there is a significant positive correlation between C3 and the 1 mm total intensity light-curves, which may be dominated by flare R3. To investigate the data free from the effects of R3, we separated the data into two parts: 1) before 2015.5 (Fig.  11 , Table 5 ) and 2) after 2015.5 (Fig. 12, Table 6 ).
Pearson analysis during flare R3
We find that during flare R3 (Table 5) , the C3 2 mm flux density is highly positively and significantly correlated with the 1 mm total intensity light curves. Significant anti-correlation is found between C3 and the γ-ray lightcurves, which could be expected as a large γ-ray flare was detected at the onset of flare R3. An anti-correlation is found between C1 and the 1 mm total intensity light-curves, but this is likely spurious, due to the relative dominance of the flare in C3.
Pearson analysis before flare R3
For the period preceding flare R3 (Table 6) , we find no significant correlations between C1 or C3 and the γ-ray light curves, as is expected given the 8 -10 month offset between features in the γ-ray and 1 mm total intensity light-curves. A significant positive correlation is however found between C1 and the 1 mm light-curves, suggesting that the short time-scale variability seen in the 1 mm light-curves originated in C1. No significant correlation is found between C3 and the 1 mm light-curves.
Pearson analysis after time-offsetting
The results from the de-trended DCF analysis in Section 3.3.1 indicated that there is an ∼8 month offset between the peaks of γ-ray emission and 1 mm total intensity radio emission. Hence, we would expect that the 2 mm emission would also be better correlated after applying an offset of ∼8 months. For this reason, we offset the pre-2015.5 data by approximately 8 months (Table 7) and recalculated the Pearson correlation coefficients. In this case, we find a sig- nificant positive correlation between C1 and the γ-ray light curves, indicating that the γ-ray light curves are better correlated with C1 than C3 before flare R3.
Discussion
There appear to be three main modes of mm-wave radio emission within 3C 84. The first is the slowly rising trend, the second is short time-scale variability and the third is the large flare beginning in approximately 2015.5. The first two modes are reflected in the γ-ray light curves, but γ-ray emission (flare G4) is only coincident with the onset of flare R3. While there is a peak in the C3 emission at all wavebands, there is no clear decay of the flare. Hence, we cannot be sure that flare R3 is still ongoing and the peaks seen are short-term variability on top of the flare. We note with interest that the weak softer-whenbrighter trend seen in 3C 84 in the 2 day binned data but the lack of correlation between spectral index and photon fluxes in the 15 day data. This is inconsistent with the harder-when-brighter trend that is typical of blazar γ-ray emission (Abdo et al. 2010a (Abdo et al. , 2011 Rani et al. 2013 ).
The question of the location of γ-ray emission has most recently been explored by Nagai et al. (2016) , who placed the longer-term γ-ray trend in C3, in agreement with Dutson et al. (2014) , who showed that a large emitting region is required for such slowly rising emission. As recent space VLBI images of 3C 84 show a very compact inner structure, with emission regions on the order of hundreds of gravitational radii (Giovannini et al. 2015) , we concur that C1 is not the source of the slowly rising trend. The location and origin of the short-timescale emission however remains elusive.
In Section 3.3.1, we found a significant correlation between the 1 mm total intensity light-curves and the γ-ray light curves, with considerably smaller lags than that reported by Dutson et al. (2014) . To investigate this further, in Section 3.3.2 we shifted both the C1 and C3 light-curves by ∼8 months relative to the γ-ray light curves and found that the C1 mm-wave light-curves are better correlated with the γ rays. The DCF and KVN correlation results alone are perhaps not enough to conclusively show that the short time-scale variations originate in C1, but taken together the results are strongly suggestive that this part of the emission originates in the C1 region, which is the likely close to the immediate location of the SMBH, rather than a downstream shock. Naively, if the 1 mm and γ-ray emission delays are due to opacity effects, then we would expect the γ-ray peak to lead the 1 mm emission (e.g. Marscher & Gear 1985) . Using the parameters obtained in Section 3.2.2, we estimate that the γ-ray emission is ∼0.07 pc upstream of the radio core, which is plausible (Fuhrmann et al. 2014) . However this does not explain potential examples of the 1 mm radio emission leading the γ-ray emission, the relatively insignificant correlations seen, anti-correlations and our inconsistent results compared with Dutson et al. (2014) . A potential explanation for these features is that the correlated emission arises from essentially random turbulent noise processes in a shocked region. Marscher (2014) presented the Turbulent, Extreme Multi-zone (TEMZ) model, showing from numerical simulations that in this scenario, γ-ray emission would sometimes but not always be correlated with the radio emission. Thus, the observed time lags would be due to spatially separated, physically disconnected and randomly aligned (or non-aligned) emission regions, which would seem to be more consistent with our results.
In Fig. 7 , we saw that C3 is optically thin, consistent with jet emission, while the 14 mm -3 mm spectrum of the C1 region is inverted, consistent with optically thick synchrotron emission expected in the core region. This is also inconsistent with the interpretation of Dutson et al. (2014) that the C3 region is the base of the jet. Fig. 7 also shows significant variability in the 3 mm -2 mm spectral index and hence more prominent variability at 2 mm than at longer wavelengths. This perhaps explains why the short time-scale variability could not be observed in longer wavelength observations. Direct evidence of γ-ray activity so close to the central engine has been sparse, with perhaps the best example demonstrated by Martí-Vidal et al. (2013) . To further investigate these findings, an extremely high cadence (∼weekly) monitoring program is currently being undertaken on the KVN, with the results to be published in a future paper. If these results are ultimately confirmed, it may help explain why γ rays can be highly correlated with radio emission but are only sometimes associated with component ejections in blazars. These ejections are thought to be due to travelling knots interacting with standing shocks located several parsecs downstream of the central engine, rendering the central engine largely out of view at VLBI scales (e.g. Jorstad et al. 2005 Jorstad et al. , 2007 Schinzel et al. 2012; Rani et al. 2013; Hodgson et al. 2017) .
Although the flare G4 is coincident with the onset of the flare R3 at all frequency bands, the association cannot be statistically proven and hence the detection remains tentative. The association of flares G1, G2 and G3 with C1 or C3 is not possible with the limited cadence of the KVN data. However, it does appear likely that γ-ray emission occurs in both C1 and C3, although continued observations will be required to confirm this result.
Conclusions
We have used simultaneous multi-wavelength observations using the KVN, 1 mm total intensity light-curves and γ-ray light-curves to find tentative evidence for multiple sites of γ-ray emission in the mis-aligned AGN 3C 84. There are two broad areas of emission with one likely being located near the central engine (C1) and a slowly moving feature (C3). We find that:
• Short time-scale variations are observed on top of a long-term increasing trend in both the γ-ray and 1 mm total intensity light-curves.
• We find a significant correlation between 1 mm total intensity light-curves and γ-ray light-curves with the γ rays leading the 1 mm emission peak by approximately 8 months. Additionally, we find a significant anti-correlation.
• We find significant flux density fluctuations at 2 mm in C1.
• The flux variations at 2 mm in the region of the SMBH proceeding the late 2015 flare are better correlated with the 1 mm total intensity light-curves than C3. They are also significantly correlated with the γ-ray light curves when offset by approximately 8 months, in agreement with the correlation analysis.
• These correlations are interpreted as potentially being due to random correlations due to noise processes.
• We report a large flare that is observed to originate in C3, beginning in late 2015 and possibly ongoing. The flare onset begins at approximately the same time in the 1 mm total intensity light curves and at all KVN bands in C3.
• We find a large γ-ray flare coincident with the onset of of the late 2015 flare.
• The 2 mm emission in C3 is highly significantly correlated with the 1 mm total intensity emission during the large flare.
• We confirm the slowly increasing trend in both radio and γ rays as originating from C3.
• If these findings are confirmed with continued monitoring, it could suggest multiple locations of γ-ray emission within the jet.
• We detect consistent component speeds at four wavebands of β app,14mm = 0.21 ± 0.02, β app,7mm = 0.20 ± 0.02, β app,3mm = 0.30 ± 0.03, β app,2mm = 0.12 ± 0.17 c.
For follow-up work on this source, we are conducting a monitoring program of 3C 84 using the Global mm-VLBI Array (GMVA) and a high cadence KVN monitoring program. This will allow us to explore the potential γ-ray emission regions on the scale of hundreds of gravitational radii with extremely high cadence.
